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PROBLEM TO BE SOLVED: To provide an adhesive for semiconductor packages, used for bonding integrated 
circuit chips to lead frames or other substrates, capable of meeting all the requirements, such as adhesive strength 
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Vazo52 



2^SHS .(CHj^CHj 



H 3 C(H 2 C) I(> ' 



■A 



o o 



O^v^-s-^-(CH^ 10 CH 3 



[0 0 5 4] ^V-^ (U n i c h eraaA^IiX 
A^KEmpol) 1 0 2 4T-mSg$nTV^) (5 
7 4. 6g. 1 ^A0 fe«tt>VD/^l'^l'T;l/3-;l/ 

(112. l g, 2*A0 1S*SJ»$*3J;0 : -r'i'-> 
-X#— 2 (Dean-Stark) MM^M^TiTc 
3L£O077X3©'f'iDF;l'Xy (1 L) ^icft^T 20 
fg$fn£-&3o fifiSH*S0« (6mL) Sr^JmU 3 6 

m l (D?wpkffiM% £ n § s t* 6 mmic t> tz. o ^m^s 

ffitfSo ^^BLT^fife^ait, H*0 (2X 
1 L) T'iftitU &7kMgSO<±T*3ytU r§*&£Jl 

[0 0 5 5] CKDXX-r^P^ (6 5 0. 7 g> 1 j e 

iSjg7n-7£fi§;L7c 1 
(2 0 0mL) *JC*>^T?g$fn£-e§o 7">UA^A> 30 
*7^> (4 0 4. 8 g, 2^710 3o£t>*2, 2' -7 
VHX (2, (fa* 
yfr^jg^V (V a z o) 5 2 7?rt5lS£nT^3) 

dig) *8tau ?#^nfc?g^^>i--r;w^x±T' 

jft^L^?) 7B#P^(Cfcfc») 7 0ttC§?Vf 3o 

x;l/X;l/7w F^ffl^LT^fiSt^Hir^c 
[0 0 5 6] $JA 

6-vW=K*7n>|[ 40 
[<fc3 2] 



•oh 



[0 0 5 7] g^{ffivH^b\ 
□ y| ( l o 0 g, 7. 6X10"' ^AO $\ VkWiM 
OOmLm-^ny^XZKDfpcD^mfk (5 0mL) 4»tc 



mmLTzo mayryZMc mv-hvn (75m 

L) (tJfcjS»bfc«t*^U-r>» (7 4. 8g, 7. 6 
x 1 0 ' *A0 88fcfc3feKUfco 7i/A 
-fnyWc rt»giSiaK*3 5t;*$Sfc»#L&tf 
SST- 1 B#p B lfc: fc>fc 9 i&iaLfco r3sira£xE7Lfc 

«8U ^KiiaS^llffi*-^^ (P-2 5T) 4>fc 

Wto (9 5%) 16 6 g%£j*Lfc. ^JffiTS/KttX 
«x-*i:-B[f SF T- I R^If'HNMRX^ 

[0 0 5 8] ±a075>l (ami c acid) 
( 1 6 6 g, 7 . 2X10" *A0 £\ SitTT-<D*i1$ 
Jf# *5 i?>*x-r— y-X#— ? (D e a n - S t a r 
k) h7V?*ffi7LTc:l LHOP79X3©«fOb^i 
y (2 0 0mD » ^y-tfy (ZOOmL) 33<fct>*r-'J 
x^-A7 = > (2 1 lmL, 1. 5 1 *A0 ©8»<t>fc 

^fiitbfc/Jc^-rl'-y-X^-^h^-v^ 
IcM&fco UStK (4 0 0mL) *Rj£77X3fe:»jta 

^SL, 5 0%HC lfpH-ltSttftU It&x 
f;K6 0 0mL) (C<t Ottffi Lfc 0 C<D*fWI*2ie 
7k (4 0 0m L) T?ffii*Lfco »»W«W*M g S 0. 
±T?(BiU ^V^T«S^{c*3V>T^««rl^iLT, < 
"TA/^efeH®* (7 6. 2g, 5 0%) «r^Lfc 0 
M6-vW5F*7'n>lttFT- I Rfc^tf' H 

[0 0 5 9] ^>JB 
[fc3 3] 
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Wv-^xXx;H£ xv i>4 ^ Kj tfHttS 
ttft) 

[0060] yj^KPripol) 203 3 ( 
-Yv— >*t-yl/J U n i qema, 9 2. 4 g, 1. 6 
9X10"' » 6— vlx^^ KA/nyi (7 5. 
0 gs 3. 5 5X10"' feitfHz S 04 (0. 5 

0mL^8. 5X10" 3 SiTFT'CDfltMjf 
tV— £ (Dean-Stark) 

•y rt^&ayn-7*<ix.fc 1 lhopx^x 

rKOtp^Mbxy (3 0 0mL) ^T'X^y — i: Lfco 
Jg^^ijP^LT2^{c ; bfc06<)l!5SlU £fiScLfc 
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*frP>#frKU »5 0mL©h;I/X>1Sfji%SJ£HB^&3!| 

xy (1 oomD ^iSAnt m&mmmvtt. com 

Wl/xytDftfc 0 fc^x^-;bx--r;l/£^ftn-f 5 C 
ktfjf*U0,iS«%fifDNaHCOiaq. (3 0 
OmL) feit^S* (3 0 0mL) 7»Lfc„ 
g£#SIU j«*MgSOi±-pSaftU 
T^-TSfc^U^^fe©?* (10 7. 2g, 68%) 

|fifl!)h;I/xyjg«[%}Stti-rSJ:i:K:<fcO, tm«\ 

K»H-r5ci:^Rrffit?a&5. coj&ftexvu-r- k 

ttJffittflFSnrfilft F T - I R, ' HNMR*5<fctf' 3 CN 
MRx-^^^bfco ftSWr/#j2 5 0 0 cPs 0 
[0O6 11MC 

[ft3 4] 




Pr^y-y*— ;l/^xxr;l/lfX"7H'5 KJ 
[0 0 6 2] WBfcfclvta'SfcHRWftfMB** 7°U 
>t°;l/2 0 3 3lCft£Tf f #yS'*— /I/ (2 9. 5g« 
1. 69X10"' trtO fcffl^TiifflLfco CcD77f£f± 

Bjg©aacK*»Rrfliftt:xvn'5K (54. 9 g . 

5 8%) *^figbfco feStoJiSifift F T - I R*5<fct>* 
'HNMRf-^^Lfc. 
[0 0 6 3] #JD 30 
r^U-fen-zi/KUxx-r/l/hUX (vu-f^K) J cd 

IBS 
Nt3 5] 
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[00 6 4] e»jB£fc^T«EIKLfc7PK3;l'S\ 7'J 
#;b2 0 3 3{cft*T^U-fcn-;l/ (1 0. 4 g, 1. 

13X10"' ^/l>) %ffl^TgfflLfCo feSttttSlFSnl 
tg&FT- I R33<fctf' HNMRx-££ijrr3te14$f* 

[00 6 5] #JE 

ri pd KDkTx (m-rhn^y^i/A;!//^- 
h) J £>ftfg 50 



[{k3 6] 




TlPDIoex (m--bn^>$/;l/*;WV- 
h) J 

[0066] ^y$n^ym-h ( ri pd 

1J > 10 0. 0g, 4. 5X10"' €r;W , m-xh 

p^;l/7;V3-;Ki3 7. 8g, 9. 0x10"' 
*M to&xf'J-JI-WJvtrXs-Y (2. 8g, 4. 
5x10" t;l/) S*Ti?o»K«l$«, iljfcigffi 

©(fOK^F^xy (1 5 0 OmL) cp^&^TfgJg 

as-sfc. #e.nfe»»%4i^iaict>fco 9 o-ctcio^ 

tfWU HSH 2 0 (1 OOmL) T'jftffLfc WHS 
*#«U JS«*Kffi*-e»SUT, ffFSWfg&FT- 
I Rfeitf 1 HNMRWtt*jj?-r»fe0»tt«£jSU 

[0 0 6 7] fiHJ F 

ri PD KDkTX (m-7 = X^y> ? ;l/A;W^^- 

h) j <omm 

[<t3 7] 
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O 

A 



n pd ioex (m-7^/^y^*;w^-hj 

[0 0 6 8] PEfr^Ov'-hnfta* (8. 28g, 
l . 5 7 x i o" 2 «TC©KJMW*ft«l*. 
fc5 0 0mL=OP*JiE75XaO*©X*/-;l/ (1 10 
OOmL) tfKSlSLfc. J'i'n'vtty (2 8. 6m 
L, 2. 8 2X10"' 3fcV^5%Pd/C 

(4. 1 4 g ) *«hiufc. #snfe^7U-*6. 5 

F T - I R (CfeVT. 1 5 2 9 cm' 43<ttf 1 3 5 2 c 

fi&£LT, HFSnT^JS: F T - I R*5<fctf' HNMRX'S 
*f WMftt£^-fKfe©¥0& (6. 6g» 9 0%) £ 
£jffLfc„ 20 
[0 0 6 9] #JG 

Tl PD I ©ex (m-vWSK^^W;!"^- 
h) J cofiig 
[<b3 8]_ 
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* ri PD IOtfX (m-VK5 Ky^M/^- 
h) J 

[00 7 0] flfHF*»60^7S> (6. 6g, 1. 4 1 

x i o 2 *;w s«"F-eo«saH$aH3J:tf8aiP7 

7y*)\'ZffiZ.52 5 OmLEaoP^^XrKD^^T-t 
h>(6 0mL) tfKfeVT»»Rl«'&, 4T3fcftiPL 
fco 7 -thy (2 0mL) $ld8J!Fbfcllt*7U'f >tt 
(2. 7 6g, 2. 8 2 x 1 0' ! 3 0#lfflfc 

F T - I R^«ffCfeV>T, 1518 10cm"' T?<D*fcktl 

[0 0 7 l]±idT5>t (ami c acid)g 
ffifc, H7KW^ (8. 5mL 9. 0X 1 O" 2 , 
hVx.f-fl/73.y (1. 2 6mU 9. 0" J *;W 43 J: 
tfH^HJ72> (0. 8 8g, 1. 1 x 1 0" ! 

*aanufc. itsnfcjsiK*, s?rFT4B#iB]fcfefc*> 

(2 OOmL) $K43^T??£;80lftl£-&. 
7K(3X200mL) T'ttmbfCo W»ft*«t 

*Mgso.±T*a»u liu timzm&#T*fc£ 

LXm^&Om&VB (6. 7 5g. 7 6%) 
fco C ©*fflUM^IE& FT— I R$3tfctfHNMR 

[0 0 7 2] fifUH 

TDD 114 1 0©t£X (m--hn^yv f ;l/A;W^ 
-h) J (DSU& 
*30 [<t3 9] 




H 



TDD I 14 1 0©l£X (m--hn^>->';l/A/W^ 

[007 3] DDI 1410 (HenkeK r^Vv 
->Vy->7*-hJ . 13. 9 6%NCOfcS-3< 9 40 
9. 7 7g, 1. 6 5X10'' , m--hD^> 

is)]/7)]/n— )l> (5 0. 8g, 3. 32X10' 
fcitfv^^l'^^l'-b (0. 5mU 8. 3X 

i o 4 w ®RT-eo**am a»EffiKi8843 

Oh;H> (1 5 0mL) iftefc^T»»a£#fco K 
2 . 5 BfflMCtofe 0 8 5 "CfC^Lfco as*©» 



KS*<DFT-I R^*TfCfeV>T, 2 2 7 2 cm' t»© 
gftlRflJtf&l^ C K «fc WBf «nS £ 3 V 

(15 2. 4g» 10 2% (Mb^xy) ) 
fc 0 COHJWIlttWEftFT-IRfeJitfHNMRX 

[0074] mi 

TDD I 14 1 OtDVfT. (ra-75 Z^y^fViJ)W^ 
-h) J ©Sit 
[ft: 4 0] 
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TDD I 1 4 1 OOlfX (m-TS/^y^W/Wy 
-hi (*±tflllttJH«tt 10 

[00 7 5] mHfrZWT 3.y&J&to (3 9. 6g. 
4. 32X10" *>b) 43±tfJa{bS-»r*a* (9 
7. 5 5 gs 4. 3 2X10"' *;l/) fc, SfSTT*<7)^ 

(D4"^fF^xf-;l/ (3 0 0mL) tfitt^VTX^ U— it 

h U * A?§?gfc«fc 0 p H 7 ~ 8 K bfc 0 S^ft*. 2 5 

&#gU ft»xf-;b (1 OOmL) TJSEJtbfco W$ 
^®7K (3 OOmL) t«L, St* 
MgSO.±-ZHH*U*Co *JMU JffifiE*X 

£.*T°mmfrz&£LT, n&<DWM.mm (33. 

8 g, 9 2%) ££/£Lfc 0 
[0 0 7 6] 0U 

TDD I 1 4 1 OOIfX (m-vW5 K^S^l/*/!/ 
Cft4 1] 

30 




TDD I 1 4 1 O^tTX (m-'7W5F^y->W 
A^-r-j (*J:lfiSW) 
[0 0 7 7] «UkvU-r>» (1 5. 4g, 1. 5 7X 
1 o" 2 *;W SBI6TTOWWWW, rtSPSfi^n 
-•7*>&XSm$7Ty*)\'*®i?itc2 40 
<D4J<7)7-thy (3 OOmL) *fc}glBLfco CO^jg 
%*jS<0±-ptt4 , Cli:»aiLfe. 7-tr-y (7 0mL) 
ttKD«ll»«:^T8Bfi«nfc^r5>©»«i (6 3. 4 

g, 7. 4 sx i o 2 =em ^mayyy^Mcnm 

[0 0 7 8] CCDTSySjgj^fC, fttzklfflt (2 4. 7 
mL, 2. 62X10"' , MJxf-;l/7^> 50 



(6. 2 5mL, 4. 4 8 X 1 0" 2 t;V) *J«fctffiffl|V 

^tfyraziewft (o. 3 7 g , i. 50xio' ! t;W 

SSfclLfc. il(D^MLt6. 5«fl8IK:t>fe9li 

f-;l/x-x;l/ (5 OOmL) *{c^«?Lfc„ 
H@H,0 (5 OOmL) T«Lfc„ #8tW 
HH^ISftN a HCO. a q. (5 0 Om L) fcitfS 
JgHSHzO (5 OOmL) ■VffiftLfco GWsZftM 

u j«*Mgso.±-e««u M^r^mm^h 

SttfctfXV W ^ K^«BK-&Srr5 FT-IR, ' 
HNMR&itf' 3 CNMRX-^^h/Httt^/rNLfCo 
[00 7 9] #JAA 

itefi9 0 1 1 c P s (5 r pnu P3Sti3«fc WS) 43* 
tf f-*V h a Vf-fiR 5.36 

WBWiftttlfXTUWSK : 2. 6 4 4 g 

i5<D^v-7(f-;Vx-f^: 2. 6 4 4 g 

Ricon 1 3 1 MA 2 0 (R i c o n Resin 

s, Inc.) : 0. 6 6 1 g 

Silquest A-174(Witco Cor 

p. ) : 0. 0 4 0 g 

USP-90MD (Wi tco Corp.) :0. 0 
9 9 

XD0026 (NSCC trade secre 
t) : 0. 119 

SF-96 ■■ 2 3. 7 94 

[0 0 8 0] #e>nfc^-Xh£JMTKl££-f£<fc-?£ 
«4r(0^a U-F7b- A±C5»BU 12 0X120 

ay?j*mmz-x±ten^x® 1 za> 

^-•y^SfkJ L> ^g:fc<fctf2 4 QX.T'VifJWfi&M 
Oi^S, ffi3£ (8 5^C/ffi*t§S8 5%) tcHLfco 

s«^UK3fia%ssfe«ttf2 4ox:-eii8« 

[fl] 



(16) 



29 



ftffl 2 0 0 2 - 2 0 7 2 1 
30 







(48B|[a/B l t:/ffi»aJS8S%) 




60^/200^ 


60#/: 




KB 

£S 


25^ 


240^ 




240^ 


DSS(kg) 


4.88+/- 
0. 25 


1.46+/- 
0.35 


6.54+/-0. 82 


1. 84+/-0. 76 


DSS(kg) 


5. 29*/- 
0. 34 


2.17+/- 
0.43 


9.50/-1.88 


1. 56+/-0. 72 


DSS(kg) 


5. 52+/- 
0.39 


1.99+/- 
0.44 


11.9+/-1.3 


3. 53+/-0. 66 



8 5°C/ffi»S0E8 5 96-Cfl>«SSJ«©C*t&«a(0*S«*»«ft«tt 
0. 1 SttHtft^L «4k<DH©St«»*l40. 16+/-0. 0 5 



[008 1] iBB 

WAAfclBlfilt, 1 2 OX 1 2 O^l^^ 

^{kj (6 0&/2 0 0t) fcitf rjfiii^-^y® 

fbj £ft (1 5#/l 7 5TC) ^fflV^®{tb/t 0 

£2. ->Sa.U— K*4ifcHASTKIia«)y-f»WBK 



(130t, ffl*t@g8 5%) IC 1 3 OBMflfcfcfeO* 
OiW7jK*lt5^l9»f»S (DSS) tbTW^tfc 
[«2] 





60^/200t 


15**/ 


175^C 


sift j 


25t: 


240^C 


2&C | 


240^ 


DSS (kg) 


15. 3+/-1.8 


1. 12+/-0.35 


17. 2+/-0. 8 


1.25+/-0. 39 


DSS (kg) 


16. 3+/-1.9 


2. 81+/-0. 55 


14.8+/-1.8 


2.6+/H.6 


DSS (kg) 


15. 7+/-1.7 


3. 04+/-0.46 


14. 4+/-0. 7 


2. 96+/-0. 90 



[00 8 2] fi^jC C T W 5 K/tf-^x— 
W A ACfeV^TSE^fe^»«fflrit«*. 5 0 0X50 



[S3] 
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Mas 


1#/20tffc 


+1#/240 c fc 


-HBfcRJl/175^ 




10.4+/-1.3 


11.9+/-1.4 


14. 1+/-1.6 



[oo8 3] bid d 7W$K/e^/n-f;W * °c) > %rcit*-yym<t (mm/ nst) u » 

A*an#^S±T rx^-y7j ®{k (6 0#. 2 0 0 * 







4RtHI/175t: 


Tg(°C) 


-1 


35 


-eStJ-CroSHtt^CE' ) KPa 

(psi) 


2. 904, 700 
(421,300) 


3, 539. 700 
(513. 390) 


UXft;-Ca9ltt*<E' ) KPa 

(psi) 


40,431 
(5, 864) 


165.330 
(23, 980) 



* [0 0 8 4] #JE E 
[It 4 2] 



fc. Tgfc«**^?©tm©#tt¥H\ ft§!«7 



[0 0 8 5] *;l/e/-;l/-*«l^a+-9-y (DM S — 
C15, Gelest Inc. ; 2 7. 2 6 g, 2 
7. 2raW) fcitfN, N->7f;V75/lfJ^ 
(DMA P ; 0. 07g, 0. 5 5mt/W $\ SfST 

*«*fc5 0 0mLHOP77;*3®ft>©CHiC 1 
i (2 0 0mL) tp{C43V^T^f0^^fco 
fo®<D±T*ffa 5 TClCft* bft. C Hz C 1 * (50mL) 
to^^n^^M^^F (DCC ; 14. 
0 6 g , 6 8. 1 m^r/I/) ®to7 7 yZ-MOt 

«bfc 0 c©DccjSSft*x rtfKas*i ot^icst 

»L4#6, 4 5#fflfcfcfc»)$'a*-9-y/DMAP» 

L, C®P$j£T?©Sfift«*©FT- I RMttXXf^ 
(1 7 4 0 cm"') *5<fctf5S®DCC (2120c 
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SKSBfRSKfafcOfltflil/fco FT- I R^ffititfcD 
CCO#ffi*^bfco ffl(20mL) SrKfStMfa 

FT- I R4MJTtt«WDCCO*Ffe*^<^*4*»o 

it, femzmmhTim^ytu^^yfrvur (dc 

U) fcUfcicU »K*Jlffi'fPai«fr6HK6bfc 0 SIS 
't$fes\-?Zy (2 0 0mL) ft>tCfet>TSSj§^ifPL, 

liBlfflefcfc 0 » 5 ictcJSS] Lfc 0 f#£ tifcW&ztiS 

<!>»w*aiaTii*iBKt>fc05'U*y* dog) ic 

J;07>7'J-{kU Silt, ««t*Ilffi*"PI»£bT, 
ffSBr^ft' HNMR, a S i NMRtSitfFT- I R 
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F£-A(##) 4J027 AF01 BA17 CB04 CB10 CC02 
CC03 CD09 
4J040 EH021 EK031 FA062 FA072 
GA07 GA08 GA14 GA17 GA20 
GA22 GA24 HA066 HA136 
HA306 KA11 KA13 LA06 
LA08 NA20 PA30 PA32 
4J100 AE70Q AM54P AM55P AM59P 
AP02Q BA02P BA15P BA15Q 
BA81P 
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1. Title of Invention 

DIE ATTACH ADMESIVES 
FOR USE IN MICROELECTRONIC DEVICES 

This a pp licati o n i s o continuatio n- in -p ert o f ap p licat io n a e ria l nu mb e r 

O0>33 B ,245, fri ed 10 Ju n e 1 090. 

2. Detailed Description of the Invention 

[Technical Field of the Invention] 

HCLO Or Tl I E INVENT I ON 

This Invention relates to compositions that are suitable for use as 

aclhesives in microelectronic devices or semiconductor packages. 
[Prior Art and Problems to be Solved by the Invention] 
OACKOROUND OF TIC IN VENTION 

Adhesive compositions, particularly conductive adhesh/es, are used 
for* a variety of purposes in the fabrication and assembly of semiconductor 
packages and microelectronic devices. The more prominent uses are the 
bonding of integrated circuit chips to lead frames or other substrates, and the 
bonding of circuit packages or assemblies to printed wire boards. 

The requirements for conductive adhesives in electronic packaging 
are that they have good mechanical strength, curing properties that do not 
affect the component or the carrier, and thixolropic properties compatible with 
existing application equipment currently used in the industry. 

Another Important aspect of an adhesive bonding or Interconnection 
technology is the ability to rework the bond. For single chip packaging 
involving high volume commodity products, a failed chip can be discarded 
without significant loss. However, it becomes expensive to discard multi-chip 
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packages with only one failed chip; consequently, the abaity to rework the 
mifed chip would be a manufacturing advantage. Today, one of the primary 
thrusts within the semiconductor industry is to develop adhesives that will 
me:et all the requirements for adhesive strength and flexibility, but that will also 
be reworkabie, that is, will be capable of being removed without destroying 

thei substrate. 
[Means for Solving the problems] 

OUM M ARY Or Tl > C INVENTION 
This Invention is an adhesive composition for use in electronic 
■ devices that comprises one or more mono- or polyfunctional malelmide 
compounds, or one or mora mono- or polyfunctional vinyl compounds other 
thah maleimide compounds, or a combination of maleimide and vinyl 
compounds, a curing initiator, and optionally , one or more fillers. The 
composition can be designed to be reworkabte. 

In another embodiment, this Invention is the cured adhesive that 
results from the just described curable adhesive composition. 

in another embodiment, this invention is a microelectronic assembly 
comprising an electronic component bonded to a substrate with a cured 
adhesive composition prepared from a composition comprising one or more 
mono- or polyfunctional maleimide compounds, or one or more mono- or 
polyfunctional vinyl compounds, or a combination of malelmWe and vinyJ 
compounds, a curing initiator, and optionally one or more fillers. 

DETAILED OE3CR I FT I O N Or THE, INVENT I ON 
The maleimide and vinyi compounds used In the adhesive 
compositions of this Invention are curable compounds, meaning that they are 

2 
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capable of polymerization, with or without crosslinking. As used in this 
specification, to cure will mean to polymerize, with or without crossimking. 
Crpss-llnMng, as is understood in the art, is the attachment of two polymer 
chains by bridges of an element, a molecular group, or a compound, and in 
general will take place upon healing. As cross-linking density is increased, 
the« properties of a material can be changed from thermoplastic to 
thermosetting. 

It is possible to prepare polymers of a wide range of cross-link density 
by the judicious choice and amount of mono- or polyfunction^ compounds. 
The greater proportion of polyfunctions! compounds reacted, the greater the 
cross-link density, tf thermoplastic properties are desired, the adhesive 
compositions can be prepared from mono-functional compounds to limit the 
cro?s-iink density. A minor amount of poly-functtona| compounds can be 
ad^ed to provide some cross-linking and strength to the composition, 
provided the amount of poly-functional compounds is limited to an amount 
thalj does not diminish the desired thermoplastic properties. Within these 
parameters, the strength and elasticity of individual adhesives can be tailored 
to a; particular end-use application. 

In those cases where It is necessary to reworMhe assembly and 
thertnoplastie materials are used, the electronic component can be pried off 
the {substrate, and any residue adhesive can be heated until k softens and Is 
easily removed. 

The cross-link density can also be controlled to give a wide range of 
gfasfc transition temperatures in the cured adhesive to withstand subsequent 
processing and operation temperatures. 
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In the inventive adhesive compositions, the maleimide compounds 
an^ the vinyl compounds may be used independently, or In combination. The 
maleimide or vinyl compounds, or Doth, will b;e present in the curable package 
adhesive compositions In an amount from 2 to 98 weight percent based on 
the organic components present (excluding any fillers). 

The adhesive compositions will further comprise at least one free- 
radical initiator, which Is defined to be a chemical species that decomposes to 
a molecular fragment having one or more unpaired electrons, highly reactive 
and usually short-lived, which is capable of initiating a chemical reaction by 
means of a chain mechanism. The free-radkial Initiator wilt be present in an 
amount of 0.1 to 10 percent preferably 0.1 to. 3.0 percent, by weight of the 
organic compounds (excluding any filler). The free radical curing mechanism 
gives a fast cur* and provides the composition with a long shelf life bafore 
curt. Preferred free-radical initiators include peroxides, such as butyl 
peroctoatos and dicumyi peroxide, and azo compounds, such as 2.2 - 
azobis(2-mamyl-propanenitrile) and a.Z'-azobis^-methyl-butanenitriie). 

Alternatively, the adhesive compositions may contain a photoinitiator 
in lieu of the free-radical initiator, and the curing process may then be initiated 
by UV radiation. The photoiniliator will be present in an amount of 0.1 to 10 
perxjent, preferably 1 to 5.0 percent, by weight of the organic compounds 
(excluding any filler). In some cases, both photoinitlation and thermal 
Initiation may be desirable. For example, the puring process can be started 
by UV Irradiation, and in a later processing step, curing can be completed by 
the application of heat to accomplish a free-radical cure. 

In general, these compositions will cure within a temperature range of 
80-200°C, and curing will be effected within a length of time of less than 
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1 minute to 60 minutes. As will ba understood, the time and temperature 
curing profile for each adhesive composition wfll vary, and different 
compositions can be designed to provide the curing profile that will be suited 
to the particular Industrial manufacturing process. 

Suitable conductive fillers for the adhesives are silver, copper, gold, 
palladium, platinum. In some circumstances, nonconductive fillers may be 
needed, for example to adjust rheology, such as. alumina, silica, end teflon, 

As used throughout this specification, the notation C(O) 
refers to a carbonyl group. 

Maleimide Compounds 

The maleimide compounds suitable for use in the adhesive 
compositions of this Invention have a structure represented by the formula: 
[M-XJn-Q, or by the formula: [M-Z^-K. For these specific formulae, 
when lower case "<T is the integer 1 , the compound will be a mono-functional 
compound: and when lower case "n" is an integer 2 to 6, the compound will 
be a poly-functional compound. 

[M-X X-Q. or by the formula: [M-ZJ.-K. 

Formula [M-X^- Q represents those compounds In which: 

M is a maleimide moiety having the structure 



in which R 1 is H or C t to C 5 alkyl; 
each x independently is an aromatic group selected from the 
aromatic groups having the structures (I) through (IV): 
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(ID 



O 0- ! 



(III) 




O 

n 



(IV) 




O 

O — & — NH — ■ 



Q is a linear or branched chain aikyl, aJkyloxy, alkylene, alkyleneoxy, 
aryl. or aryloxy aikyl amine, aikyl sulfide, alkyfena amine, alkylene sulfide, aryl 
sulfide species, which may contain saturated or unsaturated cyclic or 
heterocyclic substftuents pendant from the chain or as part of the backbone [a 
the. chain, and in which any heteroatom present may or may not be directly 
attached to X; 

or Q is a urethane having the structure: 



O O O O 

_r? — x — & — NH-R?- N H- C— (O-R?- O- C- NH-flP- N H-C->— X-R 2 - 



in which each R* independently is an alkyt* aryl, or arylaikyl group having 1 to 
18 carbon atoms; R 1 is an alky! or alky foxy chain having up to 100 atoms in 
the chain, which chain may contain aryl substituents; X is O, 5, N, or P\ and v 
is 0! to 50; 

or Q is an ester having the structure; 

O O 
— F* 3 — C— O R 3 -0-C — R 3 - 
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in which R 3 la an alkyl or alKytoxy chain having up to 100 atoms in the chain, 
which chafn may contain aryt substltuents; 

or Q is a sitaxane having the structure: 
-(CRV.-CSiR'-Oli-SIRYKCR'i) r in which the R 1 substKuent 
independently for each position is H or an alkyl group having 1 to S carbon 
atoms and the R 4 substituent Independently for each position [s H, an alkyl 
grqup having 1 to 5 carbon atoms or an aryf group, and e and g are 
independently 1 to 10 and f is 1 to 50; and 

m IsO or 1, and n is 1 to 6. 

Preferred compositions are aliphatic bismaletmides In which the 
malaimide nationality is linked to the backbone through urethane or urea 
linkages, such as in the following preferred compounds: 




and 




Formula [M-Z Jl- K represents those compounds in which 
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M is a maieimide moiety having the structure 



KPN 2 0 0 2 



-2 0 7 2 1 




in which R» is H or C, to C, alkyl; 
2 is a linear or branched chain alkyl, alkyloxy, alkyl amine, alkyl 
sulfide, alkylene. alkyleneoxy, alkylene amine, alkytene sulfHe, aryl. aryloxy, 
or qryl sulfide species, which may contain saturated or unsaturated cyclic or 
heterocyclic substituents pendant from the chain or as part of the backbone in 
the chain, and in which any heteroatam present may or may not be directly 
attached to K; 

or Z is a urethane having the structure: 

0 o o o 

— X— C— NH-f^-NH-^(0^-0-C-NH-R?-NH^C.) 7 -X-^- 

in which each R* independently Is an alkyl. aryf, or aiylalkyl group having 1 to 
18 carbon atoms, and R 3 is an alkyi or alkyloxy chain having up to 100 atoms 
in the chain, which chain may contain aryl substituents, and v Is 0 to 50; 

or Z is a slloxane having the structure: 
-(QR^Ja-HSIR^J^-SlRS-KCR 1 ^— m which the R 1 substltuent 
independently for each position is H or an alkyl group having 1 to 5 carbon 
atonte and the R* substituent independently for each position is H. an alkyl 
group having 1 to 5 carbon atoms or an aryl group, and e and g are 
independently 1 to 10 and f is 1 to SO: 

K is an aromatic group selected from the aromatic groups having the 
structures (VI) through (Xtll) (although only one bond may be shown to 
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represent connection to the aromatic group K, this will bs deemed to 
represent any numfcer of additional bonds as described and defined by n): 
(V) (VI) 



In which p is 1 to 100; 



(VII) 



in which p Is 1 to 100; 



(VIII) 




OX) 

-Or 

" In which R 5 , R* and R 7 are a linear or branched chain alky!, 
afkyloxy, aikyl amine, alkyl sulfide, alkylene, alkyleneoxy, alkylene amine, 
alkylane sulfide, aryl, aryloxy, or aryl sulfide species, which may contain 
saturated or unsaturated cyclic or heterocyclic substituents pendant from the 
chain or as part of the backbone in the chain, and In which any heteroatom 
present may or may not be directly attached to the aromatic ring; or R s , R* f 
and R 7 am a siloxane having the structure — (CR'j^SirVa^l^RVKCH,), 
- in Which the R 1 substituenl is H or an alky! group having 1 to S carbon 
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atoms and the R 4 substituent independently for each position is an elkyf group- 
haying 1 to 5 carbon atoms or an aryl group, and e is 1 to 10 and f is t to 50: 
(X) 




and'm is 0 or 1, and n is 1 to 6. 

Preferred maleimide compounds, particularly for reworkable 
compositions, are N-butylphenyl maleimide and N-ethylphenyf maleimide. 

Vinyl Compounds 
The vinyl compounds (other than the maleimides herein) suitable for 
use in the adhesive compositions of this invention will have the structure: 
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or 




For these specific structures, when lower case 'n" is the 



integer 1, the compound will be a mono-functional compound; and when tower 
ca?e "h* is an Integer 2 to 6, the compound will be a poly-functional 
compound. 

in these structures, R 1 and R 2 are H or an alkyt having 1 to 5 carbon 
atoms, or together form a 5 to 9 membered ring with the carbons forming the 
vinyl group; 8 is C, S, N, O, C(O), 0-C(0)> C(0)*0, C(0)NH or CfOJNtR 8 ). in 
which R 8 is C, to C s alky!: m is 0 or t ; n is 1-6; and X. Q, and K are as 
de$cribed above. 

Preferably, B Is O f C(O). C(0)-0. C(0)NH or CtOJNfR*); more 
preferably B is O, C{0), O-C(O). C(0>-0. or C(0)N(R'). 

The preferred vinyl compounds for use as adhesives are vinyl ethers 
or afkenyt sufides. Examples of suitable vinyl compounds are the following: 



Depending on the nature of the substrate to which the adhesive is to 
be bonded, the adhesive may also contain a coupling agent A coupling 
agent as used herein is a chemical species containing a polymerizable 
functional group for reaction with the mafeimtde and other vinyl compound. 



CH 3 (Chy 10 - 




and 



Other Composition Components 
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and a functional group capable of condensing with metal hydroxides present 
on,the surface of the substrate. Such coupling agents and the preferred 
amounts for use In compositions for particular substrates are known in the art. 
Suitable coupling agents are silanes, silicate esters, metal acrylates or 
methacrylates, titanates. end compounds containing a chelating figand t such 
as phosptvne, mercaptan, and acetecetate. When present, coupling agents 
typically will be In amounts up to 10 percent by weight, and preferably in 
amounts of 0.1 -3,0 percent by weight, of the maleimide and other 
monofunctional vinyl compound. 

in addition, the adhesive compositions may contain compounds that 
lend additional flexibility and toughness to the resultant cured adhesive. Such 
compounds may be any thermoset or thermoplastic material having a Tg of 
50°<C or less, and typically wSJ be a polymeric material characterized by free 
rotation about the chemical bonds, toe presence of ether groups, and the 
absence of ring structures. Suitable such modifiers Include poly acrylates, 
poly(butadlene), polyTHF ( polymerized tetrahydrofUran). CTBN (carboxy* 
terminated butadiene-acrylonltrile) rubber, and polypropylene glycol. When 
present, toughening compounds may be in an amount up to about 1 5 percent 
by weight of the malermida and other monofunctional vtnyt compound. 

If siloxane moieties are not part of the maleimide or vinyl compound 
structure, sitoxanas can be added to the package formulations to impart 
elastomaric properties. Suitable siloxanes are the methacryloxypropyl- 
terminated polydlmethyt siloxanes. and the amlnoprapyl-termlnateo 
palydimethylsiloxanes. available from United Chemical Technologies and 
others. 
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Other additives,, such as adhesion promoters, in types and amounts 
known in the art, may also be added. 
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Performance Properties 

These compositions will perform within the commercially acceptable 
range for die attach edhesives. Commerically acceptable values for die sheaf 
for the adhesives on a 80 X 80 mif 2 silicon die are in the range of greater than 
or equal to 1 kg at room temperature, and greater than or equal to 0.5 kg at 
24<j*C, and for warpage for a 500 X 500 mil 2 die are fn the range of less than 
or ^qual to 70 \im at room temperature. 

The coefficient of thermal expansion (CTE) is the change in 
dimension per unit change in temperature for a given material. Different 
materials will have different rates of expansion. If the CTE is very different for 
elements attached together, thermal cycling can cause the attached elements 
to bend, crack, or delarn'mate. In a typical semiconductor assembly, the CTE 
of tne chip is in the range of 2 or 3 ppm/*C; for organic circuit board substrate, 
the CTE is greater than 30 ppm/'C; therefore, the CTE of the adhesive is best 
between that of the substrate and die. 

When a polymer is subjectad to Ihe application^ heat. It will move 
through a transition region between a hard, glassy state to a soft, rubbery 
state. This region is known as the glass transition region or Tg. If a graph of 
expansion of the polymer versus temperature Is plotted, the glass transition 
regipn is the intersection between the lower temperature/glassy region 
coefficient of thermal expansion and the higher temperature/rubbery region 
coefficient of thermal expansion. Above this region, the rate of expansion 
increases significantly. Consequently, it is preferred that the glass transition 
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of the polymer be higherthan normal operating temperatures experienced 
during the application, and if reworkablllty Is needed, that the glass transition 
baj lower than any rework temperature. 

Another embodiment of this invention includes the mateifrtdes having 
the formulae IM-X ^-Q and [M-Z ^-K as described herein in which Q 
and Z can be an ester having the structure 



in which p Is 1 to 100, 

each R 3 can independently be an aikyl or alkyloxy chain having up to 
10Q atoms in the chain, which chain may contain aryl substituents, or 

a sBoxane having the structure —(CR^ISiRVOJr-SiRVCCR 1 *) 9 - 
ln which the R 1 substituent independently for each position is H or an alkyl 
group having 1 to 5 carbon atoms, the R* substituent Independently for each 
position Is an alkyi group having 1 to 5 carbon atoms or an aryf group, e and g 
are independently 1 to 10 and f is 1 to 50. 

Another embodiment of this invention includes the vinyl compounds 
havfng the structures 



o o o o 

— .r*-0-O-R -o-o- rMo-c-*r 9 --c— O— R a 4j 



or the structure 





and 
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as described herein-inwhlch B is C. S, N, O f C(O), C(OJNH orC(0)N(R B ) # in 
which R B Is C, to C s atkyt. 

Another embodiment of this invention includes the vinyl compounds 
having the structures 




as described herein in which Q and Z can be an ester having the 
structure 

o o o o 

or the structure 

o o o o 

-RlC-0-R 3 -0-C-R 3 4C-r>- R 3 -0-C-R 3 4y 
in which pis 1 to 100, 

each R 3 can independently be an alkyl or alkyloxy chain having up to 
100 atoms in the chain, which chain may contain aryi substituents, 
or a sllOKane having the structure 

— (CR T l ) r {SiR* r JOl r -SIR* J -( CRl 2)r j n which (he R 1 substituent 
independently for each position Is H or an afkyi group having 1 to 5 carbon 
atoms, the R 4 aubstituent independently for each position Is an alkyl group 
having 1 to 5 carbon atoms or an aryl group, e and g are independently 1 to 
10. and f is 1 to SO. 

Another embodiment of this invention Includes the curable 
adhesive composition as described herein containing an anionic or cationtc 
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curing Initiator, The types and useful amounts of such initiators are well 
known In the art. 
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EXAMPLES 

Various meteimide and vinyl compounds were prepared and 
formulated into adhesive compositions. The compositions were Investigated 
for Viscosity and thlxotropic index for the uncured composition, and for curing 
profile, glass transition temperature, coefficient of thermal expansion, thermal 
mechanical analysts, and In some cases reworkabilky for the cured 
composition. 

EXAMPLE 1. 

Preparation of Butadiene-Acrylonitrile Blsmafeimlde 



1. maleic anhydricfet acetone 

2. Ae 2 0, NaOAc, Et^N 



CN 
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Amino-terminated butadiene-acryionitrfle (sold as Hycar resin 1300 
X42 ATBN by BF Goodrich, in which the m and n depicted in the structure are 
Integers to provide a number average molecular weight of 3600) (450 g. 500 
mfaol based on amine equivalent weight AEW » 450g) was dissolved in 
CWC1 3 (1 000 inL) in a 3 L four-necked flask equipped with addition funnel, 
mechanical stirrer, internal temperature probe and nitrogen inlet/outlet. The 
stifred solution was placed under nitrogen and cooled on an ice bath. The 
addition funnel was charged with malefo anhydride (98,1 g. 1 mol) in CHCI3 
(5$ mL) and this solution was added to the reaction over 30 minutes, 
maintaining the internal reaction temperature below 10°C. This mixture was 
stored for 30 minutes on Ice, then allowed to warm to room temperature and 
stirred for an additional 4hours, To the resulting slurry was added acetic 
anhydride (AcsO) (653.4 g, 6 mo!), triathylamine (Et 3 N) (64.8 g. 0.64 mot) and 
sodium acetate (NaOAc) (62.3 g. 0.76 mol). The reaction was heated to mild 
reflux for 5 hours, allowed to coot to room temperature, and subsequenfly 
extracted with H ± 0 (1 L), satd. NaHCQ 3 (1 L) and H a O (2x1 L). Solvent was 
removed In vacuo to yield the maleimfde terminated butadiene agryionitrile. 
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EXAMPLE 2 

Preparation of Tris(malelmide) 
Derived From Tris(epoxypropy1)isocyanurate 




Tris(epoxyprapyl)isocyanurate (99.0 g, 0.33 mol) Is dissolved In THF 
(500mL) in a 2 L three-necked flask equipped with mechanical stirrer, internal 
terrjperature probe and nitrogen inlet/outiet. To this solution Is added 
hyrojcyphanyfmaleimide (189.2 g, 1 moJ) and benzyldimethylamine (1.4 g, 
0.05 wt. %). The solution Is heated to 80*C for 7 hours. The reaction then is 
allowed to cool to room temperature, is filtered, and the filtrant washed with 5 
% Ha„(S00mL) and distilled H z O (1 L). The resulting solid, 
triatinetris(maleimide), is vacuum dried at room temperature. 
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EXAMPLE 3 • 
Preparation of Maleimidoetftylpafmltate 




Palrnitoyi chloride (274.S g. i mol) is dissolved in S 2 0 (500 mL) in a 
2 U three-necked flask equipped with mechanical stirrer, internal temperature 
prqbe. addition funnel and nitrogen inlet/cutlet NaHCO a (84.0 9. 1 mol) In 
distilled H 2 0 (500 ml) Is added with vigorous stirring and the solution cooled 
on an tee bath under nitrogen. The addition funnel is charged with 
hydraxyethyimalelmide (141 g, 1 mof) in Et z O (100 mt) and this solution 
added to the reaction over a period of 30 minutes, maintaining en internal 
T<to°C during the addition. The reaction is stirred for another 30 minutes on 
icej then allowed to warm to room temperature and stirred for 4- hours. The 
reaption is transferred to 3 separatory funnel and the isolated organic layer 
washed with distiied H a O (500 mL) # 5% HCl aq (500 mL) and distilled H a O 
(2x500 mL). The organics are isolated, dried over MgS0 4 anhyd., filtered and 
solyent removed in vacuo to yield the aliphatic maleimlde. 
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EXAMPLE 4 



Preparation of Bismaleimide Derived from 
5-lsocyanato-1-(isocyanatomethyl)- 
1, 3. 3-trimethylcycJohsxane 




5-rsocyanato-l-(isocyanatomethylH . 3, 3-trimethylcyctohexane 
11 1 }15 g, 0.6 mol) Is solvatad ?n THF (500 mL) In a 1 L three-necked flask 
equipped with mechanical stirrer, addition funnel and nitrogen inlet/outlet. 
Thereaction is placed under nitrogen, and dibutyltin diiaurate (cat. Sn") (6.31 
g F lOrnma|)andnydfioxyethylmaleimide(141 g, 1 mol) are added with 
slimpg, and the resulting mixture heated for four hours at 70°C. The addition 
funnel is charged with hydroxyethylmaleimide (141 g. 1 mol) dissolved in 
THF (10Q mL). This solution is added to the isocyanate solution over 30 
mimjtes. and Ihe resulting mixture heated for an additional 4 hours at 70°C. 
The Reaction is allowed to cool to room temperature and solvent removed in 
vacup. The remaining o3 is dissolved in CH£\ Z ( 1 L) and washed with 10% 
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HCf„ (1 L) and distilled H 2 0 (2x1 L). The isolated organica are dried over • 
MgSO«, filtered and the solvent removed in vacuo to yield the maleimide. 



EXAMPLE 5 

Preparation of Dimer DWinyl Ether 
Derived From Prlpol 2033 




"Dimer Divfnyl Ether" (and cyclic isomers) 



Bis(1. lO-phenanthrofineFd(OAc)2 (0.21 g. 0.54 mmol) was 
dissolved in a mixture of butyl vinyf ether (8.18 g, 81*7 mmofs), heptane (100 
mL) and ■•dimer diot" (sold as Pripol Z033 by Unichema, 1 5.4 g, 27.2 mmol) 
in 2|L three-necKed flask equipped with a mechanical stirrer under nitrogen. 
This solution was heated to light reflux for 6 h. The solution was aPowad to 
cool to room temperature and subsequently poured onto activated carbon (20 
g) and stirred for 1 hour. The resulting slurry was filtered, and excess butyl 
vinyl ether and heptane were removed in vacuo to yield the divinyi ether as a 
yelipw oil. The product exhibited acceptable 'H NMR, FT-IR and NMR 
spectral characteristics. Typical viscosity -100 CPs. 
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EXAMPLES 



Preparation of Ofmer Oiacrylate 
Derived From Dlmer Diol (Pripol 2033) 



HOI 



OH 





£t^j, acetone 



A dtmer diol (sold as Pripol 2033 by Unichema, 284.4 9, 500 mmol) 
is d[ssoK/ed in dry acetone (500 mL) in a 1 L three-necked flask equipped with 
mechanical stirrer, addition funnel and internal temperature probe under 
nitrqgen. Trtethytamine (101 .2 9, 1 mol) is added to this solution and the 
solution cooled to 4°C on an ice bath. Acryloyl chloride (90.5 g, 1 mol) 
sclv^ted In dry acetone (100 mL) Is charged into the addition funnel and 
added to the stirred reaction solution over the course of 60 minutes, 
maintaining an internal temperature <10°C. This solution is stirred on ice for 
an Additional 2 hours, then allowed to warm to room temperature and stirred 
for 4 hours. Bulk solvent is removed via a rotary evaporator, and the 
remaining residue solvated in CH 2 CI 2 (1 I), This solution is washed with 5% 
HCI^ (800 mL), and H e O (2x800mL). The isolated organtcs are dried over 
MgSO A dnhyd. and filtered, and the solvent removed in vacuo to /laid the 
diac<ytate as an oil. 
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EXAMPLE 7 



Preparation of N-ethylphenyl Maleimida 



4-Ethyl aniline (I2.i2g) was dissolved in 50 ml of anhydrous ethyl 
ether and slowly added to a stirred solution of 9.81 g of mateic anhydride in 
1001ml of anhydrous ethyl ether chilled in an ice bath. After completion of the 
addftfon, the reaction mixture was stirred for 30 minutes. The light yellow 
crystals were filtered and dried. Acetic anhydride (200 ml) was used to 
dissolve the maleamlc acid and 20 g of sodium acetate. The reaction mixture 
wasl heated in an oH bath at 1 60°C . After 3 hours of reflux, the solution was 
cooled to room temperature, placed In a 1L beaker in ice water and stirred 
vigorously for 1 hour The product was suctlon-filtened and recrystalfeed In 
hex£ne. The collected crystalline material was dried at 50*C in a vacuum 
oven overnight FTIR and NMR analysis showed the characteristics of ethyl 
mateimide. 



EXAMPLE 8 



Preparation of Bis(alkenylsulfkJe) 




OH 



cat. H 



o o 
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Dimer acid (sold under the trademark Empcrf 1024 by Unichema) 
(574.6 g t 1 mol) and propargyl alcohol (112.1 g, 2 mol) are solvated m toluene 
(1 L) In a 3 L three-necked flask equipped with mechanical stirring and a 
Oejan-Stark distillation apparatus, Concentrated H 2 S0 4 (6 mL) Is added and 
the solution reftuxed far 6 hours untH 36 mL of H 4 0 is azeotropfcalfy distilled. 
The solution is allowed to cool to room temperature, is washed with H 2 0 
(2*1L), dried over MgSO* anhyd. and the solvent removed in vacuo to yield 
thai propargyl ester Intermediate as an oil. 

This ester Intermediate (650.7 g. 1 mol) is solvated in THF (200 mL) 
in 9 1L three-neoked flask equipped with reflux condensor, mechanical stirrer 
and internal temperature probe under nitrogen. Lauryl mercaptan (404.6 g. 2 
mo|) and a^-azobisfM-dimethyipentanenitrile) (sold under the trademark 
Vazo 52 by DuPont) (11 g) are added and the resulting mixture heated to 
70°p on an oil bath with stirring for 7 hours. The reaction Is allowed to cool to 
room temperature and solvent removed In vacuo to yield the alkenyl sulfide as 
an on. 



EXAMPLE A. 



Preparation of 6-maleimidocaproic add 



6-malejmidocaproic acid 
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The acid functional maleimide, 6-maleimrdccapr oic acid, was 
synthesized using Known methodology. 1 Aminocaproic add (100 g, 7.6x10~ t 
mdls) was dissolved in glacial acetic acid (50 mL) in a 500 mL four-necked 
flask equipped with mechanical stirring, an internal temperature probe and an 
addition funnel. The addition funnel was charged with a solution of maleio 
anhydride (74,8 g, 7.5x10'' mols) dissolved in acetonitrile (75 mL). This 
solution was added to the aminocaprorc acid at room temperature dnopwise 
ov$r 1 hour, maintaining an internal reaction temperature less than 35°C. The 
reaction was stirred for three hours after the addition was complete. The 
reaction slurry was filtered, and the isolated filtrate was dried in a vacuum 
oven (P-25 T) overnight at 70°C to yield 166 g of off white solid (95%). The 
product amic acid exhibited FT-IR and 'H NMR spectral characteristics 
consistent with literature data. 

The amic acid described above (166 g, 7,2x10"' mols) was solvated 
In a solution of toluene (200 mL). benzene (200 mL) and triethylamine (21 1 
mL, 1,51 mol) in a 1 L three-necked flask equipped with mechanical stirring 
and a Dean-Stark trap under nitrogen. This solution was heated to reflux for 4 
h ahd the water produced collected in the Dean-Stark trap. Distilled water 
(400 mL) was added to the reaction flask to dissolve the triethylammonium 
salf of the product which largely separated from the bulk solution during the 
reaction. This aqueous layer was isolated, acidified to pH-1 with 50% HCl. 
and extracted with ethyl acetate (800 mL). This organic layer was washed 
witri distilled water (400 mL). The isolated organic layer was dried over 
Mg$0«, followed by solvent removal in vacuo to yield an off white solid (76.2 
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g, 50%). The product 6-maleimidocaproic acid was spectrographically 
identical to riteratura material by FT-IR and *H NMR. 

EXAMPLES. 
Preparation of "Olmer Diester Bismaleimfde" 



o 




"Dirner Diester Bismaleimide" (and cyclic isomers) 



Pripol 2033 ("dlmer dicH'\ Uniqema. 92.4 g, 1.69x10' 1 mots), 6- 
malfeimidocaproic add (75.0 g, 3.55x1 0° mots) and H 2 SO« (0.50 mL 
~8.£x10* rnols) were slurried fa toluene (300 mL) in a 1 L four-necked flask 
equipped with mechanical stirrer, a Dean-Stark trap and an Internal 
temperature probe under nitrogen. The reaction was heated to light reflux for 
two 'hours and the water evolved collected In the Dean-Stark trap. The trap 
wasi drained and -50 mL of toluene solvent was distilled off of the reaction to 
remove trace moisture and drive the esterlficatlon equilibrium to completion. 
Thelreaction was allowed to cool to room temperature, additional toluene (100 
mL)!was added (on the laboratory scale it is preferable to add diethyl ether In 
placp of toluene at this point), and the solution was washed with saturated 
NaHCO a aq. (300 mL) and distilled water (300 mL). The organic layer was 
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isolated and dried over anhydrous MgS0 4 , and the solvent removed In vacuo 
to irield an orange oil (107.2 g, 68%). The materia* can be further purified by 
eiuting a toluene solution of the resin through a short plug of silica or alumina. 
This liquid blsmalermWe resin exhibited acceptable FT-IR, 1 H NMR, and ia C 
NMR data. Typical n_~2500 cPs. 

EXAMPLE C. 
Preparation of "Decane Oiol Dlester Bismaleimde 1 




"Decane Piol Diester Sismalaimide" 



The general procedure described in Example 8. was applied 
substituting decane dlol (29.5 g, 1 .69x10'' mols) for Pripol 2033. This process 
yielded a solid, moderately soluble bismalelmide (54.tf g, 58%}. The product 
exhibited satisfactory FT-IR and 'H NMR data. 
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Preparation of "Glycerol "Master Tris(malelmider 
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O 

The protocol outlined In example B. was utilked substituting glycerol 
(10.4 g, 1-13x1Q°mol) for Prlpol 2033. The product was a viscous liquid 
wh$4h exhibited acceptable FT-1R and 1 H NMR data. 

EXAMPLE E. 

Preparation of "Bisf/n-oitrobenzyl carbamate) of IPOI 1 




rt Bls(n>nitrobenzyl carfcafnate) of IPOI" 
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Isophorone diisocyanate pPDr. 100.0 g, 4.5x10*' mols), m- 
nitlrobeniyl alcohol (137.8 g, 9.0x10 ,f mols) and dibutyl tin diiaurate (2.8 g, 
4.5x1 0 s mols) were solvate* in dry toluene (15C0 mL) in a 2L three-necked 
flask equipped with mechanical stirrer, reflux coridensor and internal 
temperature probe under nitrogen. The resulting solution was heated to 90'C 
fori 4 h. No isocyanate band was observed In the IR of the solids portion of 
the sample. The solution was allowed to cool to room temperature and 
wajshed with distilled H 2 0 (100 mL), The organic layer was Isolated and 
solvent removed in vacuo to yield a yellow liquid which exhibited acceptable 
FTVIR and 1 H NMR characteristics. 

EXAMPLE F. 

Preparation of "Bis(m-aminobenzyl carbamate) of IPDI" 




M Bls(m*aminobenzyl carbamate) of IPDr 



The dinitro compound from Example E. (8,28 g, 1 .57x1 0* 2 mols) was 
dissolved in elhanol (100 mL) in a 500 ml three-necked round bottom flask 
equipped with magnetic stirring under nitrogen. Cydohexene (28.5 mL, 
2.ea*l0' T mols) was added, followed by 5% Pd/C (4.14 g). The resulting 
slurVy was refluxed lightly for 6.5 h. The FT-IR of a filtered aliquot of this 
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solution exhibited no nitre stretching bands at 1 529 cnr f and 1 352 cm"'. The 
bulk solution was allowed to cool to room temperature and filtered. Solvent 
wa$ removed fn vacuo to yield a yellow semisolid (6.6 g, 90%) which 
exhibited acceptable FT-IR and 1 H NMR spectral characteristics. 

EXAMPLE G, 

Preparation of w Bte(jrwriaielmldobenzyl carbamate) of iPOl* 




"B!s(m-maleimidobenzyf carbamate) of IPOl" 



The diamine from Example F (S.6 g, 1.41*1"* mois) was soh/ated in 
acetone (60 mL) in a 250 mL four-necked flask equipped with magnetic stirrer 
andiaddition fiinnel under nitrogen and cooled to 4°C. Maleic anhydride (2,76 
g. 2i82xTcr 2 mals) dlssloved in acetone (20 mL) was added over the course of 
30 minutes. The resulting solution was stirred at 4*C for for 1 h, and 
subsequently was allowed to warm to room temperature and stirred overnight, 
FT-iR analysis indicated no maleic anhydride remained as judged by the 
absence of the anhydride stretching band at -1810 cm'*. 

To the above amic acid solution was added acetic anhydride (8.5 mL, 
9.0x!10* mals), triathylamfne (1 .26 mL, 9.0x1D" 3 mois) and sodium acetate 
(0.89 g. 1.1x10* mols). The resulting solution was refluxed lightly for 4 h 
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under nitrogen. The reaction was aflowed to cool to room temperature and 
bulfc solvent was removed in vacua. The resulting viscous liquid was 
reactivated In methylene chloride (200 mL) and extracted with distilled water 
(3x^00 mL). Theorgantcs were then dried overMgSO* anhyd., filtered and 
solyant removed in vacuo to yield a fight brown solid (675 g, 76%). This 
material exhibited acceptable FT-IRand *H NMR spectral features, 

EXAMPLE H 

Preparation of •Bis(m-nUroben2yl carbamate) of DD1 1410" 



O 




"B1s(nvnitrobenzyl carbamate) of DD1 1410" (and cyclic Isomers) 

DD1 1410 (Henkel, "Dimer Ditsocyanate", 99.77 g, 1.65x1a 4 mols 
cased on 13.96 % NCO), m-nttrofcenzyl alcohol (50.B g, 3.32X1Q- 1 mols) and 
dibutyltin dilaurate (OS mL 8.3x10"* mols) were solvated in toluene (150 mL) 
In a 1 L four-necked flask equipped with mechanical stirrer, reflux condenser 
andi internal iemparatura probe under nitrogen. The reaction was heated to 
85°<? tor 2.5 h. FT-IR analysis of an aliquot of the reaction Indicated complete 
consumption of isocyanate functionality as judged by the lack of a band at 
227B cm- 1 . Solvent was removed from the reaction in vacuo to yield a yettow 
oil which solidified upon standing at room temperature (152.4 g. 102% (trace 
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toluene)). This solid exhibited satisfactory FT-IR and *H NMR spectra* 
features. 



"Bisfm-aminobenzyl carbamate) of DD1 1410" (and cyclic isomers) 

The diamine product of Example H (39.6 g, 4.3 2x1 a 2 mols) and 
stannous chloride dfhydrate (97.55 g. 4.32x10-' mols) were slurried in ethyl 
acefate (300 mL) in a 1L three- necked flask equipped with mechanical stirrer 
andia reflux condenser under nitrogen. The reaction was heated to light 
reiki* and stirred vigorously for 3 h. The solution was aliowed to cool to room 
temperature and brought to pH 7-8 with a solution of saturated sodium 
bicarbonate. The mixture was pushed through a 25 micron filter to yield a 
mixture which separated into a cloudy aqueous layer and a moderately clear 
organic layer, The aqueous layer was isolated and washed with ethyl acetate 
(10Q mL). The organic layers were combined, washed with distilled water 
(30Q mL) and dried over anhydrous MgS0 4 . The slurry was filtered and 
solvent removed from the filtrate in y&cuo to yield yellow, sticky solid (33.8 g, 
92%). 



EXAMPLE? I. 



Preparation of "Bis(m-arninobenzyl carbamate) of DD1 1410" 
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EXAMPLE J. 

Preparation of *Bls(m-mafeimTdoDen2yi carbamate) of DD1 1410" 




O 



'Bls(m«ma!eimidobenzyl carbamate) of DD1 1410* (and cyclic isomers) 

Mafete anhydride (15.4 g, 1.57X10* mols) was dissolved in acetone 
(300 mL) In a 2 L four-nocked flask equipped with mechanical stirrer, Internal 
temperature probe and addition funnel under nitrogen. This solutionn was 
cooled to -4°C on an ice bath. A solution of the diamine prepared in Example 
I (63-4 g, 7.48x10* mols) in acetone (70 mL) was chargad to the addition 
funnel and added to the maleic anhydride solution over a period of 30 minutes 
maintaining an internal temperature of <10*C. The resulting solution was 
stirred for 1 h and subsequently allowed to warm to room temperature and stir 
forih, 

To this solution of amlc acid was added acetic anhydride (24.7 mL, 
2.62x10-* mols) r triethylamine (6.25 mL f 4.43x10* mols) and manganese 
acetate tetnahydrate (0.37 g, 1.50x10* mols). This solution was heated to 
light) reflux for SS h, then allowed to cool to roam temperature. Bulk solvent 
waslremoved in vacuo, and the resulting dark liquid was dissolved in diethyl 
ether (500 mL). This solution was washed with dlst Hp (500 mL). The 
isolated organic layer was then washed with saturated NaHC0 3 aq, (500 mL) 
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and again with drst. HjO (500 mL). The organics were isolated, dried over 
anhjyd. MgSO„ and solvent removed in vacuo to yield a viscous orange oB. 
Thl$ material exhibited FT-IR, ! H NMR and ,3 C NMR spectral features 
consistent with the expected bismalelmide product 

EXAMPLE AA. 

Low Stress Die Attach Adhesive Formulation and Die Shear 
Strengths on Various Leadframes 

A silver filled die attach adhesive formulation having a viscosity of 
901S1 cPs (S rpm F cone and plate) and thbcotropic index of 5.36 was produced 
by combining the following at room temperature using a mechanical mixer 



Uquid bismalelmide of Example B: 2.644 g 

Oimer divinyJ ether of Example S: 2.644 g 

Ricon 131MA20 (Rtcon Resins, Inc.): 0.661 g 

Slquest A-1 74 (Wltco Corp.): 0,040 g 

USP-90MD (Witco Corp.): 0.099 

XDG026* (NSCC trade secret): 0. 11 9 

SF-96 silver flake 23.794 



The resulting paste was dispensed onto various metal leadframes as 
detailed below, and 120 xl20 mil silicon die were praced onto the adhesive 
bead to produce an approximately 1 mil bondline. Samples were "snap 
curetf" at 200°C for 60 seconds, and die shear strengths at room temperature 
and 240°C ware measured. These samples were then subjected to eievated 
temperature and humidity (86 Q C/85% RH) for 4a hours. Die shear strengths 
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were than agata measured at room temperature and 240 a C. Results are 
tabulated in Table 1, 



Table 1 , Die Shear Strengths (DSS) of 
Maleknide/Vlnyi Ether Die Attach Adhesive 





No Moisture Exposure 


After Moisture Exposure 
(48 h/95°C/65 RH) 


Cui-e Profile 


60 s/200°C 


60 s/2Q0°C 


Te$t 

Terppenature 




24CC 


25 C C 


240°C 


Cu'leadframa 


4.88+/- 
0.25 


1.46+/-0.35 


6.54+/-0.82 


1.64+AQ.76 


Ag-pu leadframe 


5.29+/- 
0.34 


2.17+A0.43 


9.50+/-1.B8 


1.56+/-0.72 


Pd-£u 
DSS (kg) 


5.52+/- 
0.39 


1.99+/-0.44 


11.9+M.3 


3.53+/-0.66 



Typical moisture uptake for these devices after saturation at 
85°C/8S% RH was 0.18 weight percent. Weight loss during cure was 
0.15+M).05 weight percent 



EXAMPLE BB. 

HAST Testing of Maleimide/Vinyl Ether Die Attach Adhesive 
Similarly to Example AA. 120x120 mil die were attached to 
leacjframes of various compositions utilizing the adhesive composition given 
in Example AA. The bonded die were then cured using "snap cure" (60 
s/200*C) and "fast oven cure" conditions (15 mirU179°P). The resulting cured 
devices were subjected to simulated MAST testing conditions (130°C. 85% 
RHjfor 130 hours. The devices exhibited good adhesion as measured by die 
shear strength (DSS) at both room temperature and elevated temperature as 
shoWn in Table 2. 
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Table 2. Die Shear Strengths after simulated HAST Testing 



Curs Profile 


60 s/200°C 


15 minutea/175*C 


Test 

Temperature . 


25°C 


240°C 


25°C 


240°C 


Cu leadframe 
OSS (kg) 


15.3+/-1.8 


1.12+MJ.35 


17.2+/-0.8 


1.25+/-0.39 


Ag-Cu leadframe 
DSS (kg) 


16.3+M.9 


2.BW-0.55 


14.8+M.8 


2.6+M.6 


Pd-pu 
DSS (kg) 


15.7+/1.7 


3.04+/-0.46 


14.4+/-0.7 


2.96+H).90 



Example CC. Warpage of Large Die Bonded 
with MafeimideA/inyl Ether Die Attach Adhesive 



The die attach composition described in Example AA. was used to 
bond 500x500 mi die to Pd*Cu taadfirames. The assembled pieces were 
"sn6p cured" and measured for die warpage at several temperatures and 
times. Typical results are given in Table 3. The performance exhibited by this 
adhesive qualifies it as a "low stress" material 



Table 3. Warpage of MaleirntdaA/lnyf Ether Die Attach Adhesive 
on 500x500 mil Die 



Thermal History 


1 mln/200°C 


♦1 mm/240°C 


+4h/17S°C 


Warpage {\im) 


10.4+MJ 


11.9+7-1.4 


14.1 +M. 8 



EXAMPLE DO. Thermal Analysis of Maleitnide/Vinyl Ether Dta Attach 

Adhesive 

The composition of Example AA. was used to produce ~1 mil films 
using a drawdown bar. The films were "snap cured* (60 s # 200°C) on a hot 
plate or oven cured (4 h/l75°C) and characterized by dynamic mechanical 
analysis (DMA). Results are summarized in Table 4, 
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Table 4. Thermal Analysis of 
Maleimide/Vinyl Ether Die Attach Rims 



Cure Profile 


60 sttOO^C 


4 h/175 c C 


T,(°C) 


•1 


35 


Modulus (E) at-65°C(psi) 


421 f 300 


513.900 


Modulus (E')aM00 a C (psi) 


5,864 


23,980 



The materials exhibited moduli below T, typical of a low stress 
adhesive. The material moduli at temperatures above T 9 are sufficient to 
withstand typical wirebonding conditions without failure, 

EXAMPLE EE 
Preparation of a silaxane bfematetnrnde 



Cartoinowernilnat sifoxane (DMS-Cl5,Gelest Inc.; 27.26 g, 27,2 
mmol) and N, N-dirnethylaminopyridine (DMAP; 0.07 g. 0.55 mmol) were 
sedated in CH a CI 4 (200 mL) In a 500 mU four-necked flask equipped with 
mechanical stirring, addition funnel and interna! temperature probe under 
nitrogen. This solution was cooled to -5*C on an ice bath. A solution of 
dicyctohaxyicarbodiimide (DCC; 14.06 g, 68.1 mmol) in CHaCis (50 mL) was 
charged into the addition funnel. This DCC solution was added to the 
sildxane/OMAP solution over the course of 45 minutes while maintaining .an 
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Internal temperature of <10°C. This solution was stored on the Ice batch for 
twd hours, at which point FT-IR analysis of an aliquot of the solution indicated 
thai presence of ester (1740 ctrr*) and residual DCC (2120 cm 1 ). The solution 
was allowed to warm to room temperature and stirred for an additional three 
hours. FT-IR analysis still indicated the presence of DCC. Acetic acid (20 
mL) was added to the reaction and the solution was stirred for an additional 
one hour, at which point FT-IR Indicated no residual DCC. The solution was 
filtered to remove precipitated dlcyclohexylurea (DCU), and solvent was 
removed from the filtrate in vacuo. The remaining ofl was re-solvated in 
heptane (200 ml) and cooled to -5°C for one week. The resulting solution 
wag filtered from a precipitated reddish solid to yield a light brown solution. 
Thi> solution was slurried with silica gel (10 g) for one hour at room 
temperature, filtered and solvent removed in vacuo to yield a light brown liquid 
which exhibited acceptable T H NMR, "Si NMR and FT-IR spectral features. 
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Claims 
What is claimed iai 

1 . A curable adhesive composition for use in bonding an 

electronic component to a substrate comprising a maleimide compound and a 

cuHng initiator selected from the group consisting of a free-radical initiator, a 

phbtolnUiator, and a combination of those, the maleimide compound having 

the rormula <M-XJ rt - Q in which n Is 1 to 6, and 

(a) Mis a maleimide moiety having the structure: 

O 



N— 



in which ft 1 is H or an alkyl group having 1 to 5 carbon atoms; 
(b) X Is an aromatic group selected from the group of aromatic 
groups having the structures: 

> t » 

and (IV) 



O 

n 

sj -C — NH — 



; and 

(c) Q is an ester having the structure: 

O O 
— ro_ &_o r3_o-& R 8 - „, RJ |s a S || 0){ane havfng the 

structure 

-(CR',), - (O),., -(CR'^Si-RS-O^i-R^Ry.-tO),,, -(CR 1 ,), - in 

which the R' substituent independently for each position is H or an alkyl group 
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having 1 to 6 carbon atoms, R B Is a linear or branched chain alky! or alkylene 
oj^y having T to 20 cartoon atoms, R* substituent independently for each 
position is an alkyi group having 1 to 5 carbon atoms or an aryl group, e and g 
are independently 1 to 10. and f Is 1 to 50. 

2. A curable adhesive composition for use in bonding an 
electronic component to a substrate comprising a maleimtde compound and a 
cubing Initiator selected from the group consisting of a free-radical Initiator, a 
phbtolnitlatar, and a combination of those, the malelmfde compound having 
th$ formula M„ - Q In which n is 1 to 6 f and 

(a) M is a maleimide moiety having the structure: 

1 O 

? 

N- 

° m which R 1 is H or an alkyi group having 1 to 5 carbon atoms; 

(b) Q is an ester having the structure: 

O O 
^R 9 _C— O— R^O-L- R^— jn wh|ch R3 |s a sjJoxane hav|ng thfi 

structure 

-{QR'Jfl -(O) 1 , 0 -(CRMHSI-R 4 2 -O)r-Si-RV(CR , 2 ),-(O), 0 -(CR 1 2 ) a - in 
which the R 1 substltuent independently for each position Is H or an alkyi group 
having 1 to 5 carbon atoms, R* is a linear or branched chain alkyi or alkylene 
oxtf having 1 to 20 carbon atoms, R 4 substftuent independently for each 
position Is an alkyi group having 1 to 5 carbon atoms or an aryl group, e and g 
are independently 1 to 10, and f is 1 to 50. 
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3. A curable adhesive composition according to dalm 2 in which 
the malebnlde compound has the formula 



4. An electronic assembly comprising an electronic component 
bonded to a substrate with a cured adhesive composition prepared from a 
composition according to any one of the preceding claims. 
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1. Abstract 

A thermoplastic or thermosetting adhesive for bonding an electronic 
component to a substrate in which the adhesive Is cured in situ from a curable 
composition comprises one or more poly- or mono-functional mafeimlde 
cpmpounds, or one or more poly- or mono-functional vinyl compounds other 
than maleimide compounds, or a combination of maleimlde and vinyl 
compounds, a curing Initiator and optionally, one or more fillers. 

2. Representative Drawing 
None 



